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ABSTRACT 


Numerous studies have revealed that sperm parameters, seminal 
plasma, and a number of other fertility factors are all adversely 
impacted by cigarette smoke. However, it is unclear how smoking 
actually affects male fertility. The relationship between smoking and 
the parameters of semen is based on the biological fact that smoking 
increases the presence of reactive oxygen species, leading to 
oxidative stress (OS). Male fertility is decreased as a result of OS's 
devastating effects on sperm parameters like viability and 
morphology as well as its impairment of sperm function. Not all 
studies, though, have reached the same conclusions. The debated 
relationship between smoking and male fertility is clarified by this 
review, which also examines the effect of different smoking methods 
on male infertility. Additionally, this review highlights the 
mechanism how tobacco smoking disrupts the entire male 
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INTRODUCTION 

Despite the well-known negative effects of smoking 
on health in general and the male reproductive system 
in particular (Zhang ZH, et. al, 2013), smoking 
continues to be a global phenomenon. According to 
the World Health Organization (WHO), 30% of all 
men aged 15 and up smoke (Saleh RA, et. al, 2002). 
Men of reproductive age (20-39 years old) account 
for roughly 46% of smokers (Trummer H, et. al, 
2002). Although the prevalence of male smokers 
dropped from 41.2% in 1980 to 31.1% in 2012, based 
on nationally representative sources from 187 
countries, the actual number of daily smokers 
increased. There were 967 million smokers in 2012, 
up from 721 million in 1980 (Ng M, et. al, 2014). 
According to World Health Organization 2019, with 
an estimated 19% of adults using tobacco products 
worldwide, including 33% of men and 6% of women, 
tobacco use is still very common. These figures are 
alarming because tobacco use has long been linked to 
a number of chronic illnesses and negative health 
outcomes, including potential mutagenic effects 
(World Health Organization 2020). According to the 
WHO, male factor infertility affects 30% to 35% of 
all cases of infertility, with 10% to 15% of couples in 
industrialized countries experiencing it (Odisho AY, 
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et. al, 2010). Numerous studies have been conducted 
to try and find any links between smoking and male 
infertility, some of which have produced 
contradictory results. While many studies have shown 
that smoking has a negative effect on the metrics used 
for semen analysis and male infertility (Zinaman MJ, 
et. al, 2000) (Lewin A, et. al, 1991) (Chia SE, et. al, 
2000) (Kiinzle R, et. al, 2003). Others have found no 
such effects and, in some cases, even beneficial 
effects on the sperm's ability (Adelusi B, et. al, 1998) 
to move around and the degree of nuclear DNA 
damage (Sergerie M, et. al, 2000). There have been 
reported additional inconsistent and conflicting 
findings regarding the impact of smoking on male 
infertility (Hoidas S, et. al, 1985 (Vogt HJ, et. al, 
1986).Furthermore, studies claiming that smoking has 
an impact on semen parameters have not conclusively 
shown that smoking has an impact on male fertility 
(Brugo-Olmedo S, et. al, 2001) (Marinelli D, et. al, 
2004) (ASRM, Smoking and infertility. Fertil Steril 
2008). 


These contradictory and ambiguous results are not 
shocking. There are three hypotheses that could 
account for the emergence of contradictory results. 
First, a variety of metrics, including semen 
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parameters, spermatozoa function, histologic 
alterations, and others are used to evaluate the impact 
of smoking on male fertility. The use of various 
assessments could lead to discrepancies in study 
findings. Second, the mechanisms by which smoking 
might affect male fertility are not well understood. 
Thirdly, because it is difficult to account for 
confounders like exposure to alcohol use, medical 
conditions, toxins, and socioeconomic status, it is 
difficult to compare data between studies directly. 


In this review we discuss about the content of 
cigarettes, global incidence of infertility and highlight 
the various effects of tobacco exposure on male 
fertility. The effects of smoking on _ various 
components of the male reproductive system are then 
described, focusing on both the physiological and 
pathological effects of smoking. This study then 
summarizes the potential mechanisms by which 
smoking results in genetic and epigenetic changes to 
male reproductive function. 


Content of cigarette smoke: 

The components of cigarette smoke are gases, 
vaporized liquid, and particles. The chemical 
reactions of hydrogenation, pyrolysis, oxidation, 
decarboxylation, and dehydration result in the release 
of nearly 4,000 compounds. There is a biphasic 
smoke release (gaseous and particulate). Carbon 
monoxide is released during the gaseous phase, and 
nicotine and tar are released during the particulate 
phase (Hammond D, et. al, 2006). Nicotine and its 
metabolites, cotinine, radioactive polonium, 
benzopyrene, dimethylbenzanthracene, naphthalene, 
methylnaphthalene, polycyclic aromatic hydrocarbons 
(PAHs), and cadmium are among the toxic chemicals, 
mutagenic agents, and carcinogens found in cigarette 
smoke (Colagar AH, et. al, 2007) (J, Elzanaty S, et. 
al, 2008). 


Nicotine is tobacco's main psychoactive substance. 
The substance that causes addiction to tobacco is 
nicotine. Humans metabolize the majority of nicotine 
into cotinine, which is then converted into trans-3'- 
hydroxycotinine (3HC) (Zhu AZ, et. al, 2013). 
Cotinine and 3HC levels in the seminal fluid and 
serum appear to be similar in cigarette smokers, while 
nicotine levels in the seminal fluid are typically 
higher. Forward sperm motility is correlated with 
seminal cotinine levels, but total sperm motility is 
negatively correlated with seminal cotinine and 3HC 
levels (Pacifici R, et. al, 1993). 


The heavy metals cadmium and lead are the main 
active components of smoke that affect semen 
parameters. Cadmium has been shown to negatively 
affect sperm parameters in previous animal studies 
(Oliveira H, et. al, 2009). Smokers who smoke more 


than 20 cigarettes per day have been found to have 
elevated seminal cadmium levels, and blood cadmium 
levels have been found to have a statistically 
significant positive correlation with cigarette-years 
and a statistically significant negative correlation with 
sperm density (Oldereid NB, et. al, 1994). 
Furthermore, compared to fertile men and infertile 
non-smokers, infertile smokers have higher lead 
levels in seminal plasma (Chia SE, et. al, 1994). 
Negative correlations between sperm concentration, 
motility, and morphological abnormalities in 
abnormal spermatozoa and seminal lead and cadmium 
concentrations have also been noted (Pant N, et. al, 
2015). 


Researchers studying male reproduction are interested 
in tobacco use because it contains over 7000 
compounds, of which about 70 have been linked to 
cancer (Hecht 2003) (IARC 2012). By Shihadeh et al., 
various toxins found in tobacco smoke are reviewed 
in detail. Through the processes of hydrogenation, 
pyrolysis, oxidation, decarboxylation, and 
dehydration, combustible tobacco products emit 
gases, vaporized liquids, and particles that result in 
exposure (du Plessis et al. 2014). Smoke from 
cigarettes is released in two phases: particulate phase, 
which contains nicotine and tar, and gaseous phase, 
which contains carbon monoxide (Hammond et al. 
2006). Cigarette smoke contains a variety of 
carcinogens and mutagens, including radioactive 
polonium, benzopyrene, dimethylbenzanthracene, 
naphthalene, and methylnaphthalene. It also contains 
heavy metals like cadmium (Hosseinzadeh Colagar et 
al. 2007) (Richthoff et al. 2008) (Dai et al. 2015). 


Effect of smoking on semen parameters: 

It has been demonstrated that smoking has a negative 
impact on a number of semen analysis parameters. 
According to a cross-sectional analysis of 2542 
healthy men conducted by Ramlau-Hansen et 
al. between 1987 and 2004, smokers had lower sperm 
counts, sperm volumes, and sperm percentages when 
compared to non-smokers. Furthermore, it was 
hypothesized that the dose-dependent association 
between smoking and sperm concentration existed. 
Indeed, even after adjusting for age, recent fevers, 
length of abstinence, and diseases in the reproductive 
organs, men who smoked more than 20 cigarettes per 
day had a 19% lower sperm concentration than 
nonsmokers. It was determined that adult smoking 
had a mildly negative impact on semen quality. 


Kunzle et al. found that smoking was linked to lower 
sperm density (15.3%), total sperm counts (17.5%), 
and total motile sperm (16.6%) compared with non- 
smokers in a different sizable cohort of 1786 men 
undergoing infertility workup (655 smokers and 1131 
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nonsmokers). Furthermore, smoking had a minor but 
non-significant impact on morphology (percent of 
normal forms) and ejaculate volume. In a study by 
Saaranen et al., it was discovered that smoking had an 
impact on ejaculate volume. They discovered that 
smokers had lower semen volumes per ejaculate than 
non-smokers, with a more specific inhibition 
occurring in men who smoked more than 16 
cigarettes per day. The results mentioned above have 
been supported by a number of smaller studies. In 
their study of 362 Chinese men visiting an infertility 
clinic, Zhang et al. discovered that smoking was 
associated with lower semen volumes, sperm 
concentrations, and rates of forward progression. The 
enzyme superoxide dismutase, which is involved in 
the oxidative stress pathway and has previously been 
shown to be lower in the seminal plasma of infertile 
men, was tested in the seminal plasma of the authors 
in order to further investigate the physiological basis 
for these changes. Superoxide dismutase levels were 
discovered by Zhang et al to be inversely correlated 
with the quantity and frequency of cigarette smoking, 
suggesting a connection between smoking, oxidative 
stress, and infertility. Another study involving 200 
infertile men discovered that smokers had higher rates 
of decreased sperm motility and abnormal sperm 
morphology. Similar outcomes were reported by Chia 
et al. in 618 Chinese men. The lower sperm counts 
and higher prevalence of abnormal sperm 
morphology observed in smokers within the cohort 
examined by Chia et al. were also discovered to be 
dose-dependent. 


This kind of dose dependency was also confirmed by 
Merino and colleagues, who looked at 358 Mexican 
men who were divided into 3 groups based on how 
many cigarettes they smoked each day. The authors 
extended their findings to note that men who smoked 
10 cigarettes per day experienced significant changes 
in their semen analysis parameters, which confirmed 
the effects of smoking on reduced sperm density and 
abnormal morphology. As a result, adverse effects on 
fertility appeared to be a possibility for even "light" 
smokers. 


It's interesting that some studies have been unable to 
prove a connection between smoking cigarettes and 
undesirable effects on semen parameters. The largest 
of these involved a case-control study involving more 
than 2000 British men receiving infertility treatment. 
The study's findings suggested that smoking was not 
a separate risk factor for lower levels of motile sperm. 
However, other sperm characteristics, such as sperm 
morphology, were not evaluated. Dikshit et al. 
discovered that among 626 men visiting infertility 
clinics, neither chewing tobacco nor cigarette 


smoking were significant risk factors for decreased 
semen quality. Similar outcomes were observed in a 
cohort of 223 Turkish men by Hassa and colleagues. 
Furthermore, no discernible differences in sperm 
density or motility between smoking and non- 
smoking men were found when 889 men who were 
scheduled for vasectomy were examined. It's 
important to note that, in contrast to many of the 
studies mentioned above, the population for this 
particular study was not chosen from patients who 
had come in for a male infertility evaluation. Indeed, 
it can be assumed that men seeking vasectomy are 
fertile, suggesting that smoking has different effects 
on men who are infertile and those who are not. 
These studies do suggest that men who have trouble 
conceiving should be counseled to stop smoking in 
order to maximize their fertility outcomes, even 
though they emphasize the significance of patient 
selection when examining the effects of smoking on 
fertility. 


A small number of meta-analyses have also been 
carried out to investigate the relationships between 
cigarette smoking and semen parameters in addition 
to the observational studies mentioned above. Over 
29000 men from 57 observational studies were 
included in one meta-analysis by Li et al. Smoking 
had negative effects on all sperm parameters, 
including semen volume, sperm density, total sperm 
counts, and percentage of sperm with progressive 
motility. These findings were applied to both fertile 
and infertile men. Smokers had sperm density that 
was between 13% and 17% lower than non-smokers, 
according to an earlier, second meta-analysis by Vine 
et al. In conclusion, smoking has an impact on the 
results of semen analysis in infertile men. For this 
reason, it is important to advise men who are having 
trouble getting pregnant to give up smoking as soon 
as possible. 


Mechanisms through which tobacco smoke affects 
male fertility: 

Numerous reproductive abnormalities in men who 
smoke tobacco include impaired spermatogenesis, 
decreased semen quality, and altered sperm function, 
according to the majority of studies (Martini et al. 
2004) (La Maestra et al. 2015). The increased 
production of reactive oxygen species (ROS), which 
causes oxidative stress (OS), DNA damage, and 
apoptosis in germ cells, is one factor contributing to 
these results. While ROS are necessary for 
physiological processes (Haque et al. 2014), their 
abnormal buildup can result in DNA strand breaks, 
peroxidation of unsaturated lipids, disruption of 
mitochondrial function, and oxidative DNA damage 
(Fullston et al. 2017) (Roychoudhury et al. 2017). 
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Spermatozoa have few cytoplasmic antioxidants and 
few repair mechanisms (Attia et al. 2014), making 
them susceptible to ROS. The DNA damage carried 
in sperm DNA persists because DNA is inert to 
translation and transcription (Attia et al. 2014). 


In the semen samples collected from smoking men, 
Kumar et al. (2015) found elevated levels of 8- 
hydroxy-2-deoxyguanosine (8-OHdG), spermDNA 
fragmentation index, and seminal ROS. Another 
study found that smoking men's spermatozoa had 
lower levels of glutathione reductase mRNA 
expression and sperm glutathione peroxidase activity 
(GPx-1, 4) (Viloria et al. 2010). Other authors have 
noted decreased levels of glutathione-S-transferase 
and glutathione as well as elevated levels of protein 
carbonyls and malondialdehyde in smokers’ semen 
(Haque et al. 2014) (Dai et al. 2015). Numerous 
studies have shown that nicotine, one of the 
components of tobacco smoke, can cross the blood- 
testis barrier and influence spermatogenesis by either 
altering genetic integrity or hormone production 
(Toppari et al. 1996) (Kumar et al. 2015) (Aprioku 
and Ugwu 2016). Since DNA is loosely bound to 
histones in the nucleohistone compartment of the 
sperm nucleus, environmental factors like exposure to 
endocrine disruptors may affect the integrity of the 
sperm genome (Jeng 20/4). The plasma membrane of 
the sperm is subsequently impacted by nicotine's role 
as an oxidizing agent. 


Polyunsaturated fatty acids (PUFA) are abundant in 
the sperm plasma membrane and are highly 
susceptible to reactive oxygen species (ROS); their 
invasion causes lipid peroxidation (Haque et al. 2014) 
(Harlev et al. 2015). Initiation, propagation, and 
termination are the three stages of lipid peroxidation. 
The lipid peroxyl radical is created during the 
initiation process when free radicals interact with 
fatty acid chains. Free radicals are created when fatty 
acids and peroxyl radicals combine, continuing the 
chain reaction. Finally, the two radicals react with one 
another and cause the breakdown of lipids (Omolaoye 
and Du Plessis 2018). The breakdown of sperm 
plasma membrane PUFA, the onset of oxidative 
stress, the development of sperm DNA damage, the 
impairment of spermatogenesis, the reduction in 
sperm production, the impairment of chromatin 
remodeling, and the decrease in_ nuclear 
protamination are all caused by an increase in an 
oxidizing agent (Aitken et al. 2014). Looking at how 
smoking affects sperm DNA, it can be hypothesized 
that tobacco smoke is not only bad for those who 
actively smoke but can also cause damage to the 
paternal genome even before fertilization (Kumar et 
al. 2015). 


Conclusion: 

The potential effects of smoking on male fertility 
were discussed in this review. Despite the fact that no 
precise, unambiguous conclusions can be drawn, 
some inferences can be made. First, smoking affects 
semen quality and function more significantly in 
fertile men than in subfertile men. This may be a 
result of the primary level impairment of spermatozoa 
function and semen parameters in the infertile 
population. The current data on smoking's impact on 
semen parameters have not been thoroughly analyzed, 
but fertility can still be impacted even when semen 
parameters are normal. Second, oxidizing species and 
the subsequent genetic and epigenetic alterations 
brought on by smoking may directly correlate with 
decreased sperm function and decreased fertility, 
offering a potential mechanism for how smoking 
affects male fertility. There should be more research 
done on this correlation. Third, smoking affects 
sperm quality and function in a dose-dependent 
manner. Any male smoker should be encouraged to 
quit, especially if he is trying to get pregnant with his 
partner. By educating patients, keeping track of them, 
and offering ongoing support, healthcare 
professionals should help people stop smoking. The 
research on the relationship between smoking and 
male fertility supports the preferred preventive 
strategy of discouraging smoking and preventing 
exposure to tobacco smoke in general among males 
and females, and in particular when trying to 
conceive. 
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